Abstract. We report a series of ongoing large-scale experiments to study the interaction of a snow avalanche with a dam and a row of mounds which are of a comparable height to the flow depth. The experimental results indicate that the behaviour of the supercritical flow around the obstacles is governed by the large-scale properties of the flowing avalanche rather than micro-scale properties of the granular current. The experiments show that, similarly to smaller-scale experiments with glass particles, the avalanche detaches from the top of the dam or mound and forms a coherent airborne jet, which can be modelled as a two dimensional ballistic projectile with negligible air resistance. We study the two parameters that define the trajectory of the jet, namely the speed at which the jet is launched from the top of the obstacle and the deflection of the jet by the obstacle, and compare the results with a theory for the deflection of a jet of an ideal fluid.
Introduction
A series of large-scale experiments were performed to study the retarding effect of avalanche catching dams, and braking mounds, on an incoming snow avalanche. (Here, and throughout this paper, we use the terms dams and braking mounds to denote obstacles that do and do not span the width of the avalanche, respectively.) The experiments were performed in a large chute, situated on the mountainside Weissfluhjoch above the town of Davos in Switzerland. The experimental chute was built in the late 1950's to study impact forces on obstacles. Arrays of optical velocity sensors have recently been installed in the base of the chute as well as on Surveys in Geophysics 24: 543-554, 2003. the sides to obtain basal velocities and vertical velocity profiles through the depth of the avalanche (Tiefenbacher and Kern, in press).
The aim of this set of experiments was to analyse the flow over dams and over and around braking mounds, and compare the results with experimental results obtained at smaller scales, where small glass particles were used as the experimental material (Hákonardóttir et al., 2001 (Hákonardóttir et al., , 2003 . Experiments on several different scales have been carried out in order to establish design guidelines for avalanche braking mounds. The experiments were conducted as a part of the European Union project, Cadzie, during 1999-2002 in a collaboration between the Icelandic Meteorological Office, the School of Mathematics at the University of Bristol in England and the Swiss Federal Institute for Snow and Avalanche Research (SLF).
The snow-avalanche experiments showed that the flow was launched from the top of the dams and mounds and travelled a considerable distance before landing back on the slope (Figure 1) . Images from video recordings of the experiments showed that the airborne jets could be modelled as a projectile motion in two dimensions with negligible air resistance. The formation of such an airborne jet has important practical consequences for the use of multiple rows of defence measures to retard avalanches. The spacing between the rows must be chosen sufficiently large so that the material launched from the first row does not jump over subsequent rows further down the slope. We report here the first results of these experimental studies. The snow-avalanche experiments at Weissfluhjoch are a matter of ongoing research and the need for more data is profound.
In this study we analyse the large-scale snow experiments by documenting the airborne jets which arise from the interaction of the avalanches with catching dams and braking mounds and by studying the two parameters that define the trajectory of the jets. The observed launch angle is compared with a theory for the deflection of a jet of an ideal fluid (Section 3.1), and the launch speed is studied by looking at the energy dissipation involved in the impact with the dams (Section 3.2).
Experimental Setup and Design
The experimental chute was 34 m long and 2.5 m wide with 0.9 m high side walls, see Figure 2 . A volume of approximately 5 m 3 of snow was released instantaneously from the top of the chute, by the rapid removal of a supporting lock gate. The snow had been shovelled manually into a barrel and then dumped onto the chute, behind the lock gate. After release, it flowed down the chute and carried on down the mountainside until finally coming to a rest on the skislope below. Rubber bars were placed on the base of the chute between the lock gate and the barriers to agitate the flow. A row of obstacles was placed in the flow path of the avalanche, perpendicular to the experimental chute and the progression of the avalanche down the chute was recorded using two video cameras. The flow speed at different locations upstream and downstream of the obstacles was also recorded using optical
